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IMPROVED ALLOY CASTINGS 
This invention relates to improved high pressure castings of alloys having a 
dendritic primary phase. 

In our Australian provisional patent application PR7218, entitled "Metal 
5 Flow System" filed on 23 August 2001, and its associated Australian complete 
application AU-29307/02 filed on 28 March 2002, and in an International (PCT) 
patent application (attorney reference IRN 675213) filed simultaneously with the 
present application, there is disclosed a metal flow system for use in preparing 
high pressure castings from a range of suitable alloys, including aluminium, 

10 magnesium, zinc and copper alloys. The flow system of that co-pending 
application is for use in pressure casting of an alloy, using a pressure casting 
machine. The system includes a mould or die tool component which defines at 
least part of a flow path along which alloy, received from a pressure source of the 
machine, is able to flow for injection into at least one die cavity defined by a mould 

15 or die. The mould or die tool component defines, as part of the flow path, a 
runner which communicates with an inlet end to a controlled expansion port (a 
CEP) which increases in cross-sectional area from the inlet end to an outlet end of 
the CEP. With use of the CEP the state of alloy in its flow therethrough is able to 
be modified from a molten state to a semi-solid state possessing thixotropic 

20 properties and that semi-solid state is able to be maintained into the or each die 
cavity. The CEP has a form such that, with sufficiently rapid solidification of alloy 
in the die cavity and back along the flow path into the CEP, alloy solidified in the 
CEP has a microstructure which, in longitudinal sections, is characterised by 
striations or bands extending transversely with respect to the alloy flow 

25 therethrough, with the bands resulting from alloy element separation, and with 
alternate bands relatively richer in respective elements and in primary and 
secondary phases respectively. 

The specific form of the CEP required in the metal flow system of the 
provisional application PR7218, its associated complete application AU29307/02 

30 and its corresponding PCT application (IRN 675213) results in metal solidified in 
the CEP having a unique microstructure. However a casting which is solidified 
sufficiently rapidly to achieve this also is able to have a unique microstructure. It 
is the microstructure obtainable in such castings, in particular those of magnesium 
alloys but also including others, to which the present invention is directed. 
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The present invention, in broad terms, provides a pressure casting of a 
selected alloy, wherein the casting has a microstructure characterised by fine 
primary particles in a matrix of secondary phase. The fine primary particles have 
a form from the group consisting of rounded, spheroidal, degenerate dendritic, 
and mixtures thereof, and preferably are less than 40 urn in size. Most preferably 
the primary particles are substantially less than 40 ^m in size, such as about 10 
u.m or less; The primary particles not only are small, they also are evenly 
distributed substantially throughout the casting. 

The selected alloy, as intimated above, may be an aluminium, magnesium, 
zinc or copper alloy, with copper alloys including various brasses and bronzes. Of 
these, aluminium and magnesium alloys are the more important commercially in 
the present context of pressure casting. However, there are other alloys able to 
be used, even if these also are of limited importance in that context, such as tin 
and lead alloys. There are still further suitable alloys, which either are of limited 
commercial importance, or are yet to attain commercial importance, with titanium 
alloys being an example in the latter category. Overall, the principal determinant 
of selected alloys is that they be alloys which, under normal casting conditions, 
form a dendritic primary phase. 

The microstructure required by the invention necessitates that the casting 
is produced by the flow of alloy, into a die cavity in which the casting is produced, 
in a semi-solid state possessing thixotropic properties and does not necessitate 
special alloys or casting machines. This is able to be achieved by the use of a 
metal flow system as disclosed in the above-mentioned Australian provisional 
application PR7218, its associated complete application AU-29307/02 and its PCT 
application (IRN 675213). The microstructure also necessitates solidification of 
the alloy in the die cavity under conditions which both preclude significant heating 
of the alloy in the die cavity and relatively rapid solidification. For each of these 
requirements, the conditions are to be such that normal dendritic growth of 
primary particles in alloy flowing into the die cavity is substantially precluded. 

The microstructure of a casting according to the invention differs from that 
obtainable in castings produced by conventional pressure die casting flow 
systems. In that conventional process, alloy flows into a die cavity in a 
substantially molten state, and primary particles present in the microstructure of a 
resultant casting form by normal dendritic growth. Thus, while the rate at which 
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the alloy is cooled in the die cavity will influence the size of those particles, they 
still will have a conventional, normal dendritic form. As indicated, the primary 
particles of a casting according to the invention are of degenerate dendritic, or of 
rounded or spheroidal, form. 

5 The microstructure of a casting according to the invention most preferably 

exhibits alloy element separation for elements differing sufficiently in density, and 
this also is achieved by use of the metal flow system disclosed in the 
abovementioned applications PR7218 and AU-29307/02 and their PCT 
application (IRN 675213). This alloy element separation is a feature which, when 

10 present, further distinguishes the microstructure from one obtained by 
conventional pressure die casting. In that conventional process, there of course is 
alloy element separation in accordance with the extent to which each alloy 
element is present in different phases formed under given solidification conditions. 
However this is not on the basis of different densities perse, and the separation of 

15 elements differing sufficiently in density exhibited by the microstructure of a 
casting according to the invention is a feature additional to the separation based 
on phases formed. 

With conventional die casting of a selected alloy, for example, a resultant 
casting has a dendritic primary phase in a secondary phase, with the secondary 

20 phase possibly including intermetallic particles. With such microstructure, there 
will be a higher content of the primary element and lower content of secondary 
alloy elements in the primary phase relative to the secondary phase. Also, the 
primary phase particles will exhibit a progressively increasing ratio of secondary 
alloy elements to principal element in directions extending outwardly from their 

25 centres. In contrast to this, the microstructure of a casting according to the 
invention most preferably will exhibit a different separation of alloy elements 
between the primary phase and the secondary phase depending on relative 
densities of the elements, while the primary phase will exhibit a fluctuating 
variation in the ratio of secondary to principal elements content in directions 

30 extending outwardly from their centres. This separation on the basis of the 
difference in density results from conditions generated in the CEP and a carry- 
over of those conditions in alloy flowing into and solidifying in the die cavity. 

As explained more fully later herein, conditions generated in the CEP are 
able to be such as to separate elements on the basis of differences in density. 
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Thus, where the primary phase is formed by a more dense principal element, 
primary particles will tend to have a lower content of less dense secondary 
elements relative to the content of more dense primary element, with the opposite 
tendency applying to secondary phases. Conversely, where the primary phase is 

5 formed by a less dense primary element, primary particles will tend to have a 
lower content of more dense secondary elements relative to the content of less 
dense primary element, with the opposite tendency tending to apply to secondary 
phases. This effect is illustrated with reference to an Mg-AI alloy and an Al-Mg 
alloy, as the clear difference in density between magnesium and aluminium gives 

10 rise to useful examples. 

With a casting according to the invention made of an Mg-AI alloy, such as 
AZ91D, separation of magnesium and aluminium will tend to be a relatively 
pronounced separation of these elements due to their difference in density. Thus, 
particles of primary phase will tend to have a lower aluminium content and 

is secondary phases will tend to have a lower magnesium content, relative to the 
content of those elements in those phases for a conventionally produced pressure 
casting made using comparable cooling rates to achieve solidification. 
Conversely, with an Al-Mg alloy, particles of the primary phase will tend to have a 
lower magnesium content and secondary phases will tend to have a lower 

20 aluminium content, relative to the content of those elements in those phases for 
such conventionally produced castings made using comparable cooling rates. 
However, these differences are parallelled by other alloy elements in similar other 
selected alloys, where density differences allow for this. Also, the differences are 
additional to the fluctuating variation in the ratio of elements present in the primary 

25 phase particles. Also, it is possible that where the secondary phases include 
intermetallics, the volume fraction of these and, in some instances the actual 
intermetallics present, can vary due to the alloy element separation that occurs. 
This change in relation to intermetallics again is relative to conventionally 
produced die castings made using comparable cooling rates. As indicated, the 

30 separation described with reference to Al-Mg and Mg-AI alloys will occur between 
other alloy elements of lesser and greater density of the selected alloys which 
differ sufficiently in density. The separation thus applies in general, with less 
dense alloy element concentrating more in the primary or secondary phase and 
the more dense alloy elements concentrating more in the secondary phase or 
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primary phase respectively. Thus, the primary phase is able to show a fluctuating 
variation in concentration ratio of less and more dense elements, depending on 
which element is the principal element of each selected alloy. 

The fluctuating variation in alloy elements from the core or centre of the 

5 degenerate dendrite particles can be more of a decaying sinusoidal form, instead 
of being gradual and substantially uniform as obtained in the normal dendritic 
primary phase obtained with conventional die casting. Thus, while the core or 
centre of the primary particles is richer in the principal element of its alloy, and 
relatively low in the secondary elements, the secondary elements may first rise, 

lo then fall and thereafter can rise again in directions outwardly from the core or 
centre. Thus, with a magnesium alloy such as AZ91D, the particles are low in 
aluminium at the core or centre but, from there, the aluminium content is able to 
initially increase relative to magnesium over about an initial third of the radius of 
the degenerate dendrite particles, then decrease relative to magnesium over 

15 about the second third of the radius, and thereafter increase again to the outer 
perimeter of the particles. 

As indicated, the fluctuating ratio of primary and secondary alloy elements 
in the degenerate dendrite primary particles of the casting microstructure of the 
invention results from the conditions able to be generated by the CEP. This is 

20 found in practice. However, it also is believed to be supported by computer 
simulations of flow conditions through a CEP. The computer simulations indicate 
that, with flow of alloy through a suitable form of CEP which achieves relatively 
high flow rates through the CEP, intense pressure waves are generated in the 
alloy. The simulations indicate that the pressure waves are at a level of about 

25 +400 MPa. It is known that pressure differences of the order of a few 100 kPa 
can cause separation Of less and more dense elements of an alloy, such as 
magnesium and aluminium. The computer simulations therefore point to 
pronounced separation, with movement of a less dense element to high pressure 
pulses and of a higher density element to low pressure pulses. Moreover, the 

30 computer simulations suggest that the intense pressure waves will have a 
wavelength of the order of 40 nm for a magnesium alloy and will result in a 
microstructure exhibiting striations or bands, in longitudinal sections, which extend 
transversely with respect to the metal flow direction. This is found to accord very 
closely with results able to be achieved in practice. Thus, it is found in practice 
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that, for alloy solidified in the die cavity, under conditions providing for relatively 
rapid solidification in the die cavity and back into the CEP, the alloy solidified in 
the CEP is able to have a microstructure in longitudinal sections which exhibits 
resultant striations or bands which extend transversely of the CEP. The striations 
5 or bands are found to have a wavelength of the order of 40 urn for a magnesium 
alloy. That is, for a magnesium alloy, the spacing between centres for successive 
like bands, of primary element or secondary element, is about 40 p,m. For 
aluminium and other selected alloys, the spacing more usually is of the order of 
200 |am. 

10 Thus, according to the present invention, there also is provided a process 

for producing a casting according to the invention, using a pressure casting 
machine having supply means for providing in a molten state an alloy which is 
able to form a dendritic primary phase, a mould defining a die cavity of a shape 
required for the casting, and a flow path providing communication between the 

15 supply means the die cavity, with part of the length of the flow path defining a 
controlled expansion port (hereinafter a "CEP") which increases in cross-sectional 
area in the direction of alloy flow along the flow path to the die cavity; wherein the 
process includes the steps of: 

(a) causing molten alloy to flow from the supply means into the flow 
20 path such that, in its flow from the inlet end to the outlet end of the CEP, the alloy 

decreases in flow velocity whereby it is caused to undergo a change in state from 
the molten state to a semi-solid state; 

(b) maintaining the alloy in the semi-solid state substantially throughout 
its flow into the die cavity; and 

25 (c) causing solidification of alloy in the die cavity, and back along the 

flow path towards or into the CEP, at a sufficiently rapid solidification rate whereby 
the resultant casting has a microstructure characterised by fine primary particles 
in a matrix of secondary phase, with the primary particles of a form from the group 
consisting of rounded, spheroidal, degenerate dendritic, and mixtures thereof, and 

30 substantially evenly distributed. 

As indicated above, a suitable CEP has an inlet by which it receives a flow 
of molten alloy from a runner, while it increases in cross-sectional area along its 
length to its outlet, in the direction in which alloy flows therethrough to fill a die 
cavity. In order to achieve modification of the alloy so that the alloy achieves a 
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semi-solid state possessing thixotropic properties, the inlet needs to be of a size 
providing for a suitable alloy flow velocity therethrough. For a magnesium alloy, 
this is an inlet flow velocity which is in excess of about 60 m/s, such as from 140 
to 165 m/s. For an aluminium alloy, the CEP inlet flow velocity is in excess of 

5 about 40 m/s, preferably in excess of 50 m/s, such as from 80 to 120 m/s, 
preferably 80 to 110 m/s. For other alloys, the preferred range is somewhat 
similar to that indicated for aluminium, although the range can vary with the 
unique characteristics of individual alloys. Also, the CEP is to achieve a reduction 
in alloy flow velocity as the alloy flows through the CEP such that the flow velocity 

10 at the outlet is from about 50 to 80%, such as from 65 to 75%, of the flow rate / 
through the inlet. Thus, for a magnesium alloy, the flow rate may be in excess of 
about 30 m/s through the outlet, but preferably is from about 70 to about 130 m/s, 
such as from about 90 to 125 m/s. For an aluminium alloy, the CEP outlet flow 
velocity may be in excess of 30 m/s, such as from 40 to 90 m/s, preferably 50 to 

15 80 m/s, with other alloys again being somewhat similar but varying with unique 
characteristics. 

A CEP giving rise to a required change in state of the alloy may be 
relatively short. It may, for example, be from about 5 mm to about 40 mm in 
length, such as from 5 mm to 20 mm but preferably about 10 mm to 15 mm in 

20 length. The length of the CEP may define an inlet to the die cavity. Alternatively, 
in addition to the runner communicating with the CEP inlet, (herein referred to as 
the first runner), there may be a second runner providing communication between 
the CEP outlet and the die cavity. In another alternative, possible if a region of 
the die cavity is of a suitable form, that region may define at least a part of the 

25 length of the CEP. In general, it is convenient for the CEP to be circular in 
transverse cross-section, with the CEP preferably being of frusto-conical form 
overall. However, particularly where a region of a die cavity defines at least part 
of its length, the CEP can be of other cross-sectional forms, such as rectangular. 
The suitable length and size of a CEP can vary with the selected alloy. 

30 The metal flow system may have a single CEP from which two or more 

second runners extend. The second runners may communicate with a common 
die cavity, or with a respective die cavity. Also a single, or respective first runner 
may communicate with two or more CEPs of the metal flow system, with each 
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CEP communicating directly or via a respective second runner with a common or 
a respective die cavity. 

A pressure casting machine with which the metal flow system is used, in 
producing a casting according to the present invention can be of a number of 

5 different types. It may be a conventional cold- or hot- chamber high pressure die 
casting machine or variations thereof. Alternatively, the machine may be of the 
type disclosed in our Australian provisional patent application PR 7216 entitled 
"Apparatus for Pressure Casting" and filed on 23 August 2001 , in its associated 
Australian complete application 29303/02 and in an International (PCT) 

10 application (attorney reference IRN 675225) filed simultaneously with the present 
application. 

With each suitable type of machine, a selected molten alloy is supplied 
under pressure by the machine, for flow of alloy along the flow path defined by the 
metal flow system and into the or each die cavity of mould or die. In general, such 

15 supply is by means of a nozzle which is secured in communication with the mould 
or die tool component defining the metal flow system. That component may be a 
mould or die half, preferably the fixed mould or die half, of the mould or die. 
Alternatively, the component may be an insert, such as in the form of a nozzle 
extension, which is engaged in such mould or die half. 

20 Particularly where a cold-chamber die casting machine is used, larger 

primary particles can form in the shot sleeve and these can be carried through 
into a casting. Generally the volume fraction of such larger primary particles is 
low, although the particles can range in size from 60 urn up to 1 00 urn. 

In the metal flow system used in providing a casting according to the 

25 present invention, the first runner and other parts, including the machine nozzle, 
of the overall metal flow system upstream from the CEP inlet, with respect to the 
direction of alloy flow, preferably have cross-sectional areas which are not less 
than the cross-sectional area of the CEP inlet. Most conveniently, those other 
parts of the overall flow system have cross-sectional areas which are larger than 

30 that of the CEP inlet. Preferably, a second runner, where provided, has a cross- 
sectional area which is not less, and most conveniently is larger, than the cross- 
sectional area of the CEP outlet. 

Reference now is directed to the accompanying drawings in which: 



WO 03/018234 PCT/AU02/01138 

9 

Figure 1 illustrates one form of metal flow system suitable for use in 
producing castings according to the present invention; 

Figure 2 is similar to Figure 1, but illustrates an alternative form of metal 
flow system; 

5 Figure 3 is a photomicrograph showing representative microstructure of a 

magnesium alloy casting according to the present invention; 

Figure 4 is a photomicrograph showing the microstructure of magnesium 
alloy solidified in a CEP in producing a casting having a microstructure of the form 
illustrated in Figure 3; 
10 Figure 5 is similar to Figure 3, but is of an aluminium alloy casting; and 

Figure 6 is similar to Figure 4, but is of the same aluminium alloys as 
Figure 5. 

Figure 1 illustrates one arrangement for modification of a conventional 
pressure casting machine, identified generally at 110. In the detail shown, it can 

15 be seen that machine 1 10 has a supply nozzle 1 24 which defines the outlet end of 
molten alloy supply means (otherwise not shown). From nozzle 126, the alloy is 
injected into die cavities 128 defined by the tools 140, 141 of mould 116. 

The modification of Figure 1 involves the provision of an electrically 
heatable nozzle or extension 50 mounted between the outlet end of bore 136 of 

20 nozzle 124 and a respective secondary runner 139 for each die cavity 128. The 
nozzle 50 defines a bore 52 which provides a continuation of bore 136 and 
between the alloy supply means and each secondary runner 139. 

The nozzle 50 defines a frusto-conical seat 54 which leads to the inlet end 
of its bore 52. The outlet end of nozzle 124 has a complementary frusto-conical 

25 external surface which provides a seal against seat 54. The external surface of 
nozzle 50 is stepped to define a peripheral flange 56 around the inlet end of bore 
52, an intermediate portion 58 which extends from flange 56 over a major part of 
the length of bore 52 and a small diameter terminal end portion 60 around the 
outlet end of bore 52. The fixed die tool 140 of mould 116 defines a somewhat 

30 similarly stepped recess 62 in which nozzle 50 is mounted, with flange 56 and end 
portion 60 being a firm friction fit in recess 62. However, intermediate portion 58 
of nozzle 50 is of lesser diameter than the corresponding part of recess 62, so as 
to define an insulating annular air-gap 64 therebetween. Around intermediate 
portion 58 of nozzle 50, an electrical induction or resistance heating coil 66 is 



WO 03/018234 PCT/AU02/01138 

10 

provided in air-gap 64 to enable controlled heating of nozzle 50, while a sheath of 
insulation 68 is provided around coil 66, against the wail of recess 62, to minimise 
loss of heat energy to die tool 140. 

The arrangement shown in Figure 1 shows bore 52 of nozzle 50 as having 

5 a reduced size at its outlet end. This is highly desirable but, in an alternative 
arrangement, bore 52 may be of constant form throughout its full length. In the 
arrangement shown, bore 52 is of constant cross-section along a major part of its 
length, over which it provides a continuation of the cross-section of bore 136 of 
nozzle 1 24. However, beyond that major part of its length, in the direction of alloy 

10 flow therethrough from nozzle 124, bore 52 has a part 70 which tapers frusto- 
conically to a minimum cross-section at a constriction 71 , and thereafter has a 
part 72 which tapers frusto-conically to a cross-section at the outlet end which is 
larger than that at constriction 71. The part 72 comprises a controlled expansion 
port (or CEP) as detailed herein, while the constriction 71 is to define the location 

15 of an interface between alloy which has solidified on completion of a casting 
operation and alloy which is still partly in a liquid state. That is, constriction 71 
establishes the interface back to which alloy solidifies to give rise to metal which 
separates with a casting. 

As indicated, the arrangement of Figure 1 comprises part of machine 110 

20 which, apart from the differences described with reference to Figure 1 , is similar to 
a conventional pressure casting machine. In use of machine 110, a supply of 
molten alloy is held in a suitable source from which the molten alloy is caused to 
flow through nozzle 124 and into bore 52 of nozzle 50. 

In the CEP, the selected alloy is caused to undergo a substantial change in 

25 its flow. The increasing cross-section of area of the CEP between the inlet and 
outlet causes a reduction in alloy flow velocity. The effective cross-sectional area 
of the CEP at its outlet end preferably is from two to four times greater than the 
cross-sectional area of the inlet end of the CEP or immediately upstream of the 
CEP relative to the alloy flow direction. As indicated above, the alloy flow velocity 

30 through the inlet end of a CEP is relatively high. The flow velocity for a 
magnesium alloy preferably is in excess of 60 m/s, preferably from 140 to 165 
m/s. For an aluminium alloy, the CEP inlet flow velocity is in excess of about 40 
m/s, preferably in excess of 50 m/s, such as from 80 to 120 m/s, preferably 80 to 
110 m/s. For other alloys, the preferred range is somewhat similar to that 



WO 03/018234 PCT/AU02/01138 

11 

indicated for aluminium, although the range can vary with the unique 
characteristics of individual alloys with the outlet end flow velocity from about 50% 
to 80%, such as from 65% to 75%, of the inlet end flow velocity. Also, the flow 
path between the inlet and outlet of a CEP is relatively short, such as from 5 to 20 
5 mm, and preferably from 10 to 1 5 mm, such that the residence time for alloy in a 
CEP is very short, such as from about 60 to 100 jxs for magnesium alloy flowing 
through the outlet end of a CEP at a preferred flow velocity, and of the same order 
for other alloys. 

With the rapid reduction in flow velocity in the CEP, the selected alloy 

10 undergoes a change in its state, from a molten state to a semi-solid state. The 
reduction in flow velocity also is found to be capable of generating high pressure 
waves in the selected alloy. The form of the CEP, for a given alloy, most 
preferably is chosen to ensure that such pressure waves are generated. 
Computer simulations of flow through a CEP have indicated that pressure waves 

15 of about ± 400 MPa can be generated. It is known that pressure differences of 
the order of a few lOOkPa can cause separation of alloy elements on the basis of 
density. Thus, with an Mg-AI or Al-Mg alloy, less dense magnesium and more 
dense aluminium are caused to separate. The computer simulations therefore 
point to pronounced separation, with migration of a less dense element to high 

20 pressure pulses and of a higher density element to low pressure pulses. 
Moreover, the computer simulations suggest that the pressure waves will have a 
wavelength of the order of 40 urn for a magnesium alloy and of the order of 200 
ixm for other alloys. 

The results of the computer simulation are found to be supported by 

25 examination of microstructures achieved with use of a suitable CEP. On 
completion of a casting operation, relatively rapid solidification of the alloy in and 
back from each die 128 cavity, is able to continue along each runner 139 and 
through the CEP of bore part 72 to a solid-liquid interface at or just short of the 
constriction at 71. With such solidification, the microstructure of alloy solidified in 

30 the CEP is found to exhibit transverse striations or bands resulting from alloy 
element separation. The microstructure is found to have successive bands richer 
in respective elements of the alloy, due to segregation on the basis of density, 
indicating generation of intense pressure waves in alloy in its flow through the 
CEP. The bands are found to have a wavelength of the order of 40 urn, indicative 
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of pressure waves of about ± 400 MPa. Moreover, the banding can to a 
substantial degree involve segregation of primary and secondary phases. Thus, 
in the case of a magnesium alloy containing aluminium as a principal alloy 
element, there can be obtained alternate magnesium-rich and aluminium-rich 

5 bands, with these respectively being dendrite rich and secondary phase rich. 
Within the aluminium-rich bands, there can be an excess of secondary phase 
intermetallics such as Mgi 7 AI12. Moreover, the magnesium-rich bands are found 
to contain primary phase particles of a form consisting of rounded, spheroidal, 
degenerate dendritic, particles usually substantially smaller in size than 40 urn, 

10 such as about 10 urn. Conversely, in the case of an aluminium alloy having 
magnesium as a principal alloy element, there again can be obtained aluminium- 
rich and magnesium-rich bands, but with the aluminium-rich bands being rich in 
primary phase and the magnesium-rich bands being rich in secondary phase. 
The aluminium-rich bands contain primary phase particles of a form consisting of 

15 rounded, spheroidal, degenerate dendritic particles substantially smaller than 40 
urn, such as about 10 |xm. 

The striations or bands generally extend across the full lateral extent of the 
CEP, substantially at right angles to the alloy flow direction. Also, they generally 
are evident along the full length of the CEP in that direction. 

20 The cross-sectional area of a CEP at its inlet end, and of the metal flow 

path upstream from that end, preferably is small in relation to the cross-sectional 
area of a runner used in producing a casting of a given size by a conventional die 
casting process. Thus, in use of the present invention, it is preferred that the 
nozzle of the apparatus be modified to a form having a bore of smaller cross- 

25 section than that used in conventional pressure die casting. 

The heating coil 66 can assist in maintaining the alloy in a molten state up 
to the stage of its flow through the CEP. However, coil 66 has a further function. 
The semi-solid state of the selected alloy in which it has thixotropic properties, 
attained in its flow through the CEP, is able to be retained by the alloy during the 

30 filling of each die cavity 128. For optimum properties in the casting produced in 
each cavity 128, the mould 116 preferably provides for relatively rapid 
solidification of alloy in each cavity, such that substantially throughout each 
casting it has a microstructure having fine rounded, spheroidal and/or degenerate 
dendrite, primary particles in a secondary phase or matrix. To assist in achieving 
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this, the solidification with such microstructure preferably progresses back to the 
CEP to achieve a somewhat similar microstructure in alloy solidified in the CEP. 
However, the microstructure obtained in a CEP of preferred form also is able to be 
characterised by transverse striations or bands as detailed above. In both the 

5 casting and the CEP, the primary particles preferably are substantially less than 
40 urn, such as about 1 0 urn or less. 

Solidification of alloy back into the CEP is assisted by terminal end portion 
60 of nozzle 50 being a friction fit in recess 52 of die tool 140, such that there is 
good thermal conduction from portion 160 to die tool 140. Thus, with die tools 

10 140, 141 of mould 1 16 being such as to provide for rapid solidification of alloy in 
each die cavity 128, die tool 140 needs to be at a relatively low temperature such 
that it extracts heat energy from end portion 60. This assists in solidification of 
alloy in the CEP. However, intermediate portion 58 of nozzle 50 is insulated from 
die tool 140, other than for a degree of heat energy loss through portion 60, by 

15 provision of air-gap 64 and insulation sheath 68. It is in this context that heating 
coil 66 serves a further function. Coil 66 principally provides heat energy to 
intermediate portion 58 of nozzle 50. It is used to ensure that alloy in bore 52, 
upstream from the constriction 71, is maintained at a temperature to enable 
solidification of alloy in the CEP to progress back to a solid-liquid interface at or 

20 slightly downstream of constriction 71, as detailed above. Thus, liquid alloy is 
able to be retracted from that interface sufficiently to enable the solidified metal to 
be removed with the castings, upon opening of mould 116. 

Turning now to Figure 2, the arrangement shown therein is similar in many 
respects to that of Figure 1 . Thus, corresponding parts have the same reference 

25 numeral, plus 1 0p. 

In the detail shown it can be seen that the machine 210 of Figure 2 has a 
nozzle 224 throughout which the selected molten alloy is advanced from a source 
of supply (not shown). From nozzle 226, the alloy is injected into a die cavity 228 
defined by the tools 240, 241 of mould 21 6. 

30 The arrangement of Figure 2 has a nozzle or extension 150 mounted 

between the outlet end of bore 236 of nozzle 224 and a runner 239 for the die 
cavity 228. The nozzle 150 defines a bore 152 which provides a continuation of 
bore 236 and communicates with the runner 239. 
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The nozzle 150 defines an externally frustoconical inlet portion 80 which 
defines the inlet end of its bore 152. The outlet end of nozzle 224 defines a 
complementary frusto-conical recess 82 which provides a seat in which portion 80 
provides a seal. The external surface of nozzle 150 is stepped to define a 

5 peripheral flange 84 which is beyond the inlet portion 80 and which is a friction fit 
in recess 85 defined by fixed platen 86, beyond nozzle 224. Also, the outlet end 
of nozzle 150 is tapered and provides a seal in a complementary recess 89 
defined by fixed die tool 240 of mould 21 6. 

The arrangement shown in Figure 2 shows bore 152 of nozzle 150 as 

10 having a reduced size at its outlet end. This is highly desirable but, in an 
alternative arrangement, bore 52 may be of constant form throughout its full 
length. In the arrangement shown, bore 152 is of constant cross-section along a 
part of its length, over which it provides a continuation of the cross-section of bore 
236 of nozzle 224. However, beyond that part of its length, in the direction of alloy 

15 flow therethrough from nozzle 224, bore 152 has a part 170 which tapers frusto- 
conically to a minimum cross-section at constriction 1 71 , and thereafter has a part 
172 which tapers frusto-conically to cross-section at the outlet end which is larger 
than that at constriction 171 . The part 172 comprises a controlled expansion port 
(or CEP) as detailed herein/ while the constriction 171 is to define the location of 

20 an interface between alloy which has solidified on completion of casting operation 
and alloy which is still molten. That is, constriction 171 establishes the interface 
back to which alloy solidifies to give rise to metal which separates with a casting. 

Operation with apparatus 20 of Figure 2 is similar to that described with 
reference to apparatus 110 of Figure 1. A principal difference is that nozzle 150 

25 of apparatus 210 is not provided with a separate heating coil, while it is in good 
surface to surface contact at respective parts with each of nozzle 236, fixed platen 
86 and die tool 240. The arrangement is such that a sufficient thermal gradient is 
able to be established between the inlet and outlet ends of nozzle 150 to achieve 
a solid-liquid interface at or adjacent to constriction 171 when, on completion of a 

30 casting cycle, alloy soiidifies in the die cavity 1 28 and back into the CEP defined 
in part 172 of the bore 152 of nozzle 150. This is able to be achieved by heat 
energy provided at the inlet end from nozzle 226, and heat energy extracted at the 
outlet end by die tool 240. It also may be necessary for heat energy to be 
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extracted via flange 84 by fixed platen 86, and for an insulating sheath to be 
provided between nozzle 226 and platen 86. 

Nozzle 150 of the arrangement of Figure 2 may be made of a suitable 
metal or ceramic. However nozzle 50 of Figure 1 preferably is made of a suitable 
metal. 

It is indicated above that nozzle 50 of Figure 1 may have a bore 52 of 
constant cross-section throughout, while the same is indicated for bore 1 52 of 
nozzle 150 of Figure 2. However, in each case, this requires that a suitable CEP 
is provided in the alloy flow path downstream of the respective nozzle. 

Each of Figures 1 and 2 show use of the metal flow system in relation to a 
respective machine 1 10,210 and it is to be appreciated that type of machine can 
vary. Thus, in alternatives, each of the nozzles 124 and 224, is to be understood 
as representing the nozzle of a hot-chamber high pressure die casting machine, 
or the shot-sleeve of a cold-chamber high pressure die casting machine. 
Alternatively, either nozzle is to be understood as representing the output nozzle 
or conduit of a machine as disclosed in our Australian provisional application 
PR7216, its associated Australian complete application AU-29303/02 and in its 
PCT application (attorney reference IRN 675225) filed simultaneously with the 
present application, and the disclosure of those applications are hereby 
incorporated herein by reference. 

Figure 3 is a photomicrograph illustrating a typical microstructure of a 
casting produced with use of the present invention, from AZ91 magnesium alloy. 
This microstructure shows fine, rounded or spheroidal, or degenerate dendrite, 
primary particles substantially less than 10 urn in size and occupying up to 60% of 
the volume fraction. At least most primary particle contains concentration rings 
showing a fluctuating, sometimes somewhat decaying sinusoidal, ratio of 
constituent alloy elements. Between the primary particles, there is solidified metal 
of eutectic composition, with the fineness of the eutectic structure difficult to 
resolve despite the level of magnification used. 

Figure 4 is a photomicrograph of the microstructure of AZ91 magnesium 
alloy solidified in a CEP, in producing a casting such as illustrated in Figure 3. 
The direction of alloy flow through the CEP is shown by an arrow. The 
photomicrograph shows banding or striations extending transversely with respect 
to the flow direction. While not very readily discernible in this instance, the bands 
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or striations as shown by X-ray analysis using secondary electron microscopy 
result from segregation of the parent metal magnesium and alloy additive 
elements such as aluminium. This segregation occurs due to intense pressure 
waves generated in the CEP by the reduction in alloy flow velocity as it flows 
5 through the CEP. The dynamic environment provided by the pressure waves is 
believed to lead to nucleation of primary particles of the parent metal at relatively 
high temperatures. Alternate bands are found to have a higher percentage of 
parent metal and a higher solidification temperature than would be expected for 
the starting alloy, relative to primary particles obtained in sprue/runner metal 

10 obtained by conventional pressure die casting. Similarly, the secondary phase 
rich intervening bands have a higher percentage of alloy elements and a lower 
solidification temperature than expected for the alloy, relative to secondary 
phases obtained in sprue/runner metal of conventional die casting. The 
microstructure is characterised by fine primary particles substantially smaller than 

15 10 urn in a secondary phase matrix, with a banding wavelength of about 40 urn. 

Figure 5 is a photomicrograph illustrating a typical microstructure of a 
casting produced with use of the present invention, from CA313 aluminium alloy. 
This shows fine, rounded, spheroidal, and/or degenerate dendrite primary 
particles less than 40 ttm in size, with many as small as about 10 jxm and finer, in 

20 a matrix of very fine secondary eutectic phase. The microstructure also shows a 
few larger spheroidal primary particles, but essentially all less than about 60 p,m, 
which formed in the shot sleeve of the cold-chamber die casting machine used. 
That is, those larger particles formed before injection through the CEP and into 
the die cavity, and thus were carried into the die cavity. 

25 Figure 6 is a photomicrograph of the microstructure of CA313 aluminium 

alloy which solidifies in a CEP in producing a casting such as illustrated in Figure 
5. The direction of alloy flow through the CEP again is shown by an arrow. The 
microstructure shows banding or striations extending transversely with respect to 
the flow direction. The microstructure overall is similar to that of Figure 4, except 

30 that the primary particles are of the parent metal aluminium, rather than 
magnesium, whije the banding or striations are more evident and the darker 
bands richer in secondary phase eutectic show a band wavelength of about 200 
|xm. Successive secondary phase darker bands are highlighted by an array of 
parallel arrows extending transversely with respect to the flow direction. 
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Finally, it is to be understood that various alterations, modifications and/or 
additions may be introduced into the constructions and arrangements of parts 
previously described without departing from the spirit or ambit of the invention. 
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CLAIMS: 

1 . A pressure casting produced from an alloy which is able to form a dendritic 
primary phase, wherein the casting has a microstructure characterised by fine 
5 primary particles in a matrix of secondary phase, and wherein the primary 
particles are of a form from the group consisting of rounded, spheroidal, 
degenerate dendritic and mixtures thereof, and are substantially evenly 
distributed. 

10 2. The casting of claim 1 , wherein the primary particles are less than 40 jim in 
size. 

3. The casting of claim 1 f wherein the primary particles are substantially less 
than 40 ^m in size. 

15 

4. The casting of claim 1, wherein the primary particles are about 10 jim or 
less. 

5. The casting of any one of claims 1 to 4, wherein the primary particles are 
20 distributed substantially throughout the casting. 

6. The casting of any one of claims 1 to 5, wherein the microstructure exhibits 
alloy element separation for elements differing sufficiently in density. 

25 7. The casting of any one of claims 1 to 5, wherein the microstructure exhibits 
alloy element separation which differs from that attributable to the phases present 
and which is attributable to difference in alloy element densities. 

8. The casting of claim 6 or claim 7, where the alloy is a magnesium alloy. 

30 

9. the casting of claim 8, wherein the microstructure exhibits enrichment of 
the primary particles in magnesium and any alloy elements less dense than 
magnesium and enrichment of the secondary phase in elements more dense than 
magnesium, relative to alloy element contents for the primary and secondary 
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phases obtainable with a conventional casting of the same magnesium alloy 
composition. 

10. The casting of claim 8 or claim 9, wherein the primary particles exhibit a 
5 concentration ratio of magnesium to more dense alloy elements which decreases 

from the centre of the primary particles. 

11. The casting of claim 10, wherein the ratio decreases in a decaying, 
fluctuating form. 

10 

12. The casting of claim 6 or claim 7, wherein the alloy is selected from copper 
alloys, including brasses and bronzes, aluminium alloys and zinc alloys. 

13. The casting of claim 12, wherein the microstructure exhibits enrichment of 
15 the primary particles in the principal element of the selected alloy and enrichment 

of the secondary phase in at least one element differing sufficiently in density from 
the principal element, relative to alloy element contents for the primary and 
secondary phases obtainable with a conventional casting of the same selected 
alloy composition. 

20 

14. The casting of claim 13, wherein the primary particles exhibit a 
concentration ratio of the principal element of the at least one element differing 
sufficiently in density from the principal element which ratio, from the centre of the 
primary particles, decreases in a decaying, fluctuating form. 

25 

15. A process for producing a casting according to any one of claims 1 to 14, 
using a pressure casting machine having supply means for providing in a molten 
state an alloy which is able to form a dendritic primary phase, a mould defining a 
die cavity of a shape required for the casting, and a flow path providing 

30 communication between the supply means and the die cavity, with part of the 
length of the flow path defining a controlled expansion port (hereinafter a "CEP") 
which increases in cross-sectional area in the direction of alloy flow along the flow 
path to the die cavity; wherein the process includes the steps of: 



WO 03/018234 PCT/AU02/01138 

20 

(a) causing molten alloy to flow from the supply means into the flow 
path such that, in its flow from the inlet end to the outlet end of the CEP, the alloy 
decreases in flow velocity whereby it is caused to undergo a change in state from 
the molten state to a semi-solid state; 

5 (b) maintaining the alloy in the semi-solid state substantially throughout 

its flow into the die cavity; and 

(c) causing solidification of alloy in the die cavity, and back along the 
flow path towards or into the CEP, at a sufficiently rapid solidification rate whereby 
the resultant casting has a microstructure characterised by fine primary particles 

10 in a matrix of secondary phase, with the primary particles of a form from the group 
consisting of rounded, spheroidal, degenerate dendritic and mixtures thereof, and 
substantially evenly distributed. 

16. The process of claim 15, wherein the decrease in flow velocity attained in 
is step (a) and the solidification rate in step (c) are sufficient to provide primary 

particles, in the microstructure of the resultant casting, which are substantially less 
than 40 \im in size. 

17. The process of claim 15, wherein the decrease in flow velocity attained in 
20 step (a) and the solidification rate in step (c) are sufficient to provide primary 

particles, in the microstructure of the resultant casting, which are about 10 jxm or 
less. 

18. The process of any one of claims 15 to 17, wherein the alloy is a 
25 magnesium alloy. 

19. The process of claim 18, wherein the solidification rate in step (c) is such 
that solidification of alloy in the die cavity proceeds back into the CEP whereby 
alloy solidified in the CEP has a microstructure characterised by fine primary 

30 particles in a matrix of secondary phase, with the primary particles of a form 
selected from rounded, spheroidal, degenerate dendritic and mixtures thereof 
and substantially evenly distributed, and further characterised in longitudinal 
sections of the CEP by striations or bands extending transversely of the CEP at a 
spacing between centres for successive like bands of the order of 40 \xm. 
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20. The process of claim 18 or claim 19, wherein the CEP is operable to cause 
the alloy to attain a flow velocity at the inlet end of the CEP which is in excess of 
60 m/s and a flow velocity at the outlet end of the CEP which is from 50 to 80% of 

5 the flow velocity at the inlet end of the CEP. 

21 . The process of claim 20, wherein the CEP is operable to cause the alloy to 
attain a flow velocity at the inlet end of the CEP of from 140 to 165 m/s and a flow 
velocity at the outlet end of the CEP of from 70 to 1 30 m/s. 

10 

22. The process of any one of claims 15 to 17, wherein the alloy is selected 
from copper alloys, including brasses and bronzes, aluminium alloys and zinc 
alloys. 

15 23. The process of claim 22, wherein the solidification rate in step (c) is such 
that solidification of alloy in the die cavity proceeds back into the CEP whereby 
alloy solidified in the CEP has a microstructure characterised by fine primary 
particles in a matrix of secondary phase, with the primary particles of a form 
selected from rounded, spheroidal , degenerate dendritic and mixtures thereof 

20 and substantially evenly distributed, and further characterised in longitudinal 
sections of the CEP by striations on bands extending transversely of the CEP at a 
spacing between centres for successive like bands of the order of 200 urn. 

24. The process of claim 22 or claim 23, wherein the CEP is operable to cause 
25 the selected alloy to attain a flow velocity at the inlet end of the CEP which is in 

excess of about 40 m/s and a flow velocity at the outlet end of the CEP which is 
from about 50 to 80% of the flow velocity at the inlet end of the CEP. 

25. The process of claim 24, wherein the CEP is operable to cause the 
30 selected alloy to attain a flow velocity at the inlet end of the CEP of from about 80 

to 120 m/s and a flow velocity at the outlet end of the CEP of from about 40 to 90 

m/s. 
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26. The process of claim 24, wherein the CEP is operable to cause the 
selected alloy to attain a flow velocity at the inlet end of the CEP of from about 80 
to 1 10 m/s and a flow velocity at the outlet end of the CEP of from about 50 to 80 
m/s. 
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